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Abstract We derive new temperature dependent Sellmeier
equations for the extra-ordinary and ordinary refractive in-
dices of 0.5% MgO-doped stoichiometric LiTaO3 crystal.
The equations are based on quasi phase-matched frequency
conversion measurements, as well as on interferometric
measurements of the thermal expansion and thermal dis-
persion. These equations fit experimental data over wide
spectral ranges: 0.35–6 µm for the extra-ordinary wave and
0.375–3.75 µm for the ordinary wave, from room tempera-
ture up to 200°C. The nonlinear optical measurements set
lower-limit values for the d33, d22, and d24 elements of the
second-order susceptibility tensor χ(2) of 12.9, 1.54, and
0.46 pm/V, respectively. The interferometric measurements
enable one to determine the linear and quadratic expansion
coefficients of 1.45762e−5 1/°C, and 2.68608e−8 (1/°C)2,
respectively. The Sellmeier equations are in good agreement
with previously published data.

PACS 42.65.An · 42.70.Mp · 77.84.Dy

1 Introduction

Periodically poled stoichiometric lithium tantalate (PPSLT)
is a widely used crystal in nonlinear optics owing to its
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wide transparency range (0.27–6 µm), large nonlinear co-
efficients [1], and high resistance to optical damage [2].
Stoichiometric LiTaO3 (SLT) crystal is now available com-
mercially, and its low coercive field relative to congruent
LiTaO3 allows for poling thick samples using the elec-
tric field poling technique for quasi phase-matched (QPM)
frequency conversion applications [3]. Due to the highest
nonlinear susceptibility tensor element, d33, the most com-
monly used interaction is e-ee, where two extra-ordinary
waves induce an extra-ordinary nonlinear polarization. Fur-
thermore, SLT crystal belongs to the trigonal 3m (C3υ ) crys-
tallographic point group, hence, its second-order suscepti-
bility tensor χ(2) has several additional non-zero elements.
These elements allow for three more types of nonlinear in-
teractions: o-oo (d22, d21, d16), e-oo (d31, d32), and o-eo
(d24, d15) [4]. For example, in o-eo interaction, ordinary and
extra-ordinary waves generate an ordinary second harmonic.
For the e-ee interactions only the extra-ordinary refractive
index ne(λ,T ) is required, but for the other interactions the
ordinary refractive index no(λ,T ) is required as well.

Recently, the ordinary refractive index no(λ,T ) was used
in a QPM experiment with another trigonal 3m crystal
(LiNbO3) where both the fundamental and the second har-
monic (SH) waves were ordinary waves (o-oo, d22) [5].
The application of both ordinary and extra-ordinary indices
was proposed in the realization of second-order cascad-
ing processes [6] and in quantum information applications
where o-eo interactions can be applied for the realization of
multipartite continuous-variable entanglement [7]. Knowl-
edge of the refractive-index dispersion equations (Sellmeier
equations) of SLT in both the ordinary and extraordinary po-
larizations is therefore essential with an accuracy of 0.0001.

Sellmeier equations for SLT were obtained in several
works. Nakamura et al. [8] and Juvalta et al. [9] obtained

mailto:idodolev@post.tau.ac.il


424 I. Dolev et al.

Sellmeier equations for both ne(λ) and no(λ) at room tem-
perature in the spectral range of 0.44–1.05 µm and 275–
500 nm, respectively. Abedin et al. [10] derived Sellmeier
equations for both ne(λ,T ) and no(λ,T ), in the spectral
range of 0.4–4 µm and temperature range of 25–300◦C.
Bruner et al. [11] derived a Sellmeier equation for ne(λ,T ),
in spectral range of 0.39–4.1 µm and temperature range of
30–200◦C. The latter spectral range was further extended
to mid-infrared by Kolev et al. [12], both using QPM mea-
surement technique. Although the above mentioned works
cover most of the temperature and spectral range for most
applications, the data obtained so far are insufficient for de-
sign of nonlinear optical devices, specifically those involv-
ing both ne(λ,T ) and no(λ,T ). For example, Saltiel et al.
[13] showed discrepancies between the theoretical equations
and experimental measurements.

In this paper we present Sellmeier equations that are ap-
plicable for a wide spectral and thermal range. We obtained
the Sellmeier equations by measurements of nonlinear in-
teractions with periodically poled crystals involving ordi-
nary polarization, extra-ordinary polarization, and both or-
dinary and extra-ordinary polarizations. Our measurements
also enabled us to obtain absolute and relative value of the
χ(2) tensor elements d33, d22, d24, and d32 by nonlinear fre-
quency conversion measurements. In addition, we determine
by precise interferometric measurements the thermal expan-
sion and thermal dispersion of the material.

2 Experimental setup

2.1 Thermal expansion and dispersion

The reader is referred to a previous work [14] which de-
scribes in detail the principle of the original setup of mea-
surement system that was specifically designed for an ac-
curate determination of the thermo-optic coefficients of
nonlinear-optics (NLO) materials. Measurements of lin-
ear thermal expansion of millimeter-sized samples are per-
formed using an absolute laser interferometric dilatometer
acting as an optical gauge; changes in optical thickness
of the same sample are obtained by Fabry–Pérot tempera-
ture scanning interferometry [15]. Both setups are operat-
ing under vacuum to eliminate the effects of air dispersion.
The useful temperature interval extends from −150◦C up
to +300◦C. For a sample of thickness L and refractive in-
dex n, the linear thermal expansion and normalized thermo-
optic coefficient (NTOC) are defined by α = d[ln(L)])/dT

and β = d[ln(n)]/dT , respectively. Defining the coefficient
γ for normalized changes in optical thickness, that is γ =
d[ln(Ln)]/dT , the NTOC is obtained from the straightfor-
ward relationship β = γ − α. For a given wavelength λ,

Fig. 1 Absolute interferometric dilatometer used for the determination
of thermal expansion coefficients of SLT [14]

a phase shift of 2π (i.e. fringe spacing), induced by a vari-
ation of temperature 	T , corresponds to a change in length
(or optical thickness) of λ/2.

The modified Mach–Zehnder interferometric setup used
for dilatation measurements is depicted in Fig. 1. Two sil-
ica windows W1 and W2 allow for entering and leaving of
light from the vacuum enclosure. The beam of a frequency
stabilized He-Ne laser is divided into two paths by the beam
splitter BS1. The plane and parallel optical end faces of a
parallelepipedic-shaped sample S are gold metalized and act
as mirrors M5 and M6 in the sample arm. After reflection on
the front face M5, the beam is sent by successive reflections
on BS1, M2, M4, and beam splitter BS2 to the back sur-
face M6 of the sample. The reflected beam from the sample
overlaps the one of the reference arm (path BS1, M1, M3

and RP) at the recombination plate RP to give a fringe pat-
tern, which is recorded by photo-detector D1. Detection D2,
external to the enclosure, allows also for convenient obser-
vation of the fringe pattern on a screen and verification of
its stability. Best accuracy of measurements is achieved by
inserting a piezo-transducer PZT on mirror M1 that allows
for phase modulation and subsequent phase detection of the
fringe shift induced by applying a linear ramp of tempera-
ture to the sample through temperature control TC (Pt 100
thermistance) of the oven.

Normalized changes in optical thickness are obtained by
removing metallization M5 and M6. The same sample S is
now mounted in a specific vacuum cell which reproduces
identical thermal working conditions as those used in the
dilatometer. Appropriate translation and rotation stages en-
able accurate orientation of the dielectric frame of the sam-
ple with respect to the polarization direction of the incident
beam. A Fabry–Pérot interference pattern is generated by
multiple reflections of a laser beam on the optical end faces;
the fringe shift induced by applying a linear ramp of tem-
perature to the sample is observed by reflection and contin-
uously recorded on photo-detector D1 after being reflected
by the semi reflecting plate BS, as shown in Fig. 2. An ana-
lyzer crossed with respect to the direction of the front polar-
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Fig. 2 Experimental setup used
for Fabry–Pérot temperature
scanning interferometry at
several laser wavelengths [15]

izer allows for permanent control of the spatial stability of
the sample all along heating runs, by recording on detector
D2 the intensity of the transmitted beam, which is imaged
outside the vacuum cell. BaF2 windows W1 and W2 enable
convenient switching of laser sources from the UV-Vis up to
the IR spectral range.

2.2 Sellmeier equations

The SLT crystals were grown by the double-crucible Czoch-
raski method [16], at Oxide Co. and doped with 0.5% mol
MgO. The periodic structured pattern of photoresist was
contact printed on the C+ face of the wafer from a litho-
graphic mask and uniformly coated by a metallic layer. The
electrical poling was achieved by applying pulses to the po-
lar crystal surfaces using our standard electric field poling
technique [17]. The total switching charge was 45 µC/cm2.
After poling, photoresist and metallic coatings were re-
moved and the domain structure was revealed by HF etch-
ing. We used several gratings with periods ranging from
7.72 µm to 29.5 µm and with a duty cycle of 50%.

Two types of nonlinear interactions were measured:
second harmonic generation (SHG), and difference fre-
quency generation (DFG) obtained by an optical paramet-
ric oscillator (OPO) [18]. Briefly, in the SHG setup four
types of fundamental beam sources were used: (1) tunable
0.7–0.9 µm Ti:sapphire laser (Tsunami, Spectra-Physics
Lasers), (2) Nd:YAG 1.0645 µm laser (Laser Compact
model LCS-DTL-122QT), (3) homemade tunable OPO sys-
tem (1.5–4.1 µm), and (4) tunable cw diode laser (ANDO
AQ4321D, 1.52–1.62 µm), with an EDFA to amplify the
laser output. In each measurement the fundamental light
polarization was controlled, and appropriate detectors and
polarizers were used for the output SH. The PPSLT crystals
were placed in the center of the beam waist in order to obtain
maximum SH efficiency. The PPSLT crystals were staged in
a temperature controlled oven with a temperature range of
25◦C to 200◦C.

A second experimental setup is based on down conver-
sion in a PPSLT OPO. The OPO is pumped by Q-switched
Nd:YLF 1.0475 µm laser (Lightwave Electronics model
110) generating signal in the range of 1.4–1.6 µm and idler

in the range of 3.3–4.1 µm. In order to obtain the de-
sired signal and idler wavelengths, the PPSLT crystal was
staged in a temperature controlled oven with a temperature
range of 25◦C to 200◦C. Only extra-ordinary interactions
were efficient enough to surpass the OPO threshold condi-
tion.

The SHG and OPO nonlinear interactions involve two or
three waves mixing and must fulfill two basics conditions:
energy conservation and momentum conservation. The en-
ergy conservation of the participating wavelengths requires
ωi = ωp − ωs for the OPO interactions and ωs = 2ωp for
SHG, where ωp is the pump frequency which is down-
converted into signal and idler frequencies: ωs and ωi, re-
spectively. When a periodically poled crystal is involved in
a collinear quasi phase-matching interaction, the momentum
conservation or phase-matching condition requires satisfac-
tion of (1) in the case of OPO:

ωp · n(ωp, T )

c
− ωs · n(ωs, T )

c

− ωi · n(ωi, T )

c
− 2π

Λ(T )
= 	kopt, (1)

where c is the speed of light. In the case of SHG equation (2)
is required:

2ω · n(2ω,T )

c
− 2 · ω · n(ω,T )

c
− 2π

Λ(T )
= 	kopt (2)

where n(ω,T ) represents ne(ω,T ) or no(ω,T ), depending
on the specific wave polarization, ω is the fundamental wave
frequency, 	kopt is the optimal phase mismatch that gener-
ally depends on beam focusing [19] (and equals to zero in
the case of plane wave), and Λ(T ) is the actual crystal pol-
ing period, taking into account the thermal expansion:

Λ(T ) = Λ(T0) exp

[
a(T − T0) + 1

2
b
(
T 2 − T 2

0

)]
. (3)

Since (1) and (2) involve terms of two or three different
wavelengths, we used a numerical method to calculate the
refractive indices. For each polarization we assumed Sell-
meier equations based on the representation used by Jundt
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for undoped congruent LiNbO3 [20], with an extension of
temperature dependence in both poles:

n2 = a1 + b1f + a2 + b2f

λ2 − (a3 + b3f )2

+ a4 + b4f

λ2 − (a5 + b5f )2
− a6λ

2. (4)

Parameter a6 represents the phonon absorptions in the far-
IR. The parameters a3 and a5 account for poles in the UV
and IR wavelengths, with the weights a2 and a4, respec-
tively. Parameter a1 represents the contributions to the re-
fractive index from plasmons in the far UV [21]. The bif

parameters represent thermal effects, where f is expressed
in terms of a quadratic dependence of the absolute tempera-
ture T in Celsius degrees, thus:

f = (T − 24.5◦C)(T + 24.5◦C + 2 · 273.16). (5)

It is interesting to note that previous Sellmeier equations had
a different number of poles: Nakamura et al. [8] and Abe-
din et al. [10] used a single pole in the UV whereas Bruner
et al. [11] and Kolev et al. [12] used two poles in the UV
and a third pole in the mid-IR. We have found that our form
of equation, with only two poles, is sufficient to fit the ex-
perimental results with very good accuracy. We used least-
square optimization to determine ai and bi parameters for
the Sellmeier equation (4) that minimized the differences
between experimental and calculated values of phase mis-
match 	k’s, given by (1) and (2). We also gave some weight
to data from previously published works, in the spectral and
temperature ranges when such data were available.

2.3 Second-order susceptibility tensor elements

The tunable cw diode laser (ANDO AQ4321D) setup was
also used to determine the dij second-order susceptibility
tensor elements of SLT. In accordance with the analysis
given by Boyd and Kleinman [19] we used the following
equation:

P2ω = 2ω3d2
eff

πnωn2ωε0c4
hBK(ξ, σ ) · l · P 2

ω, (6)

where ω and 2ω are the fundamental and SH angular fre-
quencies, respectively, ξ and σ being the respective focus-
ing and phase mismatch parameters; hBK(ξ, σ ) is the Boyd–
Kleinman efficiency parameter, ε0 is the vacuum permittiv-
ity and deff the effective nonlinear coefficient involved in the
considered QPM process.

3 Results

3.1 Thermal dispersion and expansion coefficients

Absolute interferometric measurements of thermal expan-
sion and normalized thermo-optic coefficients of SLT were
performed from −30◦C up to 80◦C on a parallelepipedic
shaped sample with dimensions 4 × 8 × 2.5 mm3 along the
principal X, Y , and Z axes, respectively. The Y -oriented op-
tical end faces were plane and parallel to better than 10′′
of an arc; such geometry enables dilatation measurements
only along the direction normal to the polar axis Z (i.e.
αx = αy ≡ α⊥), while NTOC can be obtained for both or-
dinary and extraordinary polarization.

Results of linear thermal expansion measurements are de-
picted in Fig. 3. Over the explored temperature interval it is
found that experimental data are well fitted to the linear ex-
pansion α⊥ = 1.45762 × 10−5 + 2.68608 × 10−8T , where
T is the temperature in Celsius degrees. Figure 4 gives a
comparison of the relative thermal expansion 	L/L versus
temperature between stoichiometric and congruent lithium

Fig. 3 Principal linear thermal expansion in the (X,Y ) plane of SLT
from −30◦C to 80◦C; blue squares: measurements, solid curve (red):
linear fit. The deviation of experimental data from the curve fit does
not exceed 4 × 10−7 K−1

Fig. 4 Comparison of the relative thermal expansion 	L/L of stoi-
chiometric and congruent lithium tantalate along the principal axes in
the (X,Y ) plane
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Table 1 Parameters for linear fit of normalized thermo-optic coeffi-
cients of SLT, according to the following expansion: β = a0 + a1T

λ (µm) βo = dno/no dT βe = dne/ne dT

a0 × 106 a1 × 108 a0 × 105 a1 × 108

0.4545 4.8833 3.3059 2.5658 9.1092

0.4880 4.1763 2.8403 2.4569 8.5596

0.4965 3.9368 2.7386 2.4195 8.4462

0.514 3.5629 2.4884 2.3506 8.3996

0.6328 1.9042 1.7271 2.0792 7.3069

1.0642 0.5586 0.92168 1.8017 6.1500

3.390 0.3329 1.4888 1.4945 3.8973

tantalate [22], the last one being actually used in [11] for a
purpose similar to the present one. The difference between
both curves reaches 6% at 80◦C.

Normalized thermo-optic coefficients were determined
at seven wavelengths: measurements of changes in optical
thickness were performed at 0.4545, 0.4880, 0.4965 and
0.5140 µm with a tunable argon ion laser, at 0.6328 and
3.39 µm with He-Ne lasers, and at 1.0642 µm with a cw
Nd:YAG laser. The NTOC’s βo and βe were derived from
these measurements at each wavelength and for both ordi-
nary and extra-ordinary polarizations, taking into account
the thermal expansion of the sample as described above. The
results are summarized in Table 1, which gives the parame-
ters of the linear fits of NTOC’s, which were found well
suited to represent their evolution over the −30◦C–80◦C
temperature interval.

The thermal expansion and dispersion coefficients are
crucial for the design of temperature-tuned nonlinear de-
vices, and they were also used for the derivation of the crys-
tal’s Sellmeier equations.

3.2 Sellmeier equations

The SHG measurements were conducted over a wide
range of temperatures, on going from room temperature
up to 200◦C for each PPSLT crystal and for both ordinary
and extra-ordinary polarizations. For the tunable sources
(Ti:sapphire laser, ANDO diode laser and the homemade
OPO), the laser wavelength was tuned to a value in which
maximum SH signal was obtained at each temperature.
When non-tunable laser (YAG) was used the temperature
was tuned to a value in which maximum SH signal was
obtained, assuming this wavelength satisfying the phase-
matching conditions as defined in (1) and (2). The SHG
measurements were further extended to high-order SHG in-
teractions in which the effective crystal period in (2) is di-
vided by the corresponding QPM order m,

Λeffective = Λ

m
. (7)

The SH experimental data are summarized in Table 2.

Fig. 5 Refractive indices for 0.5% MgO-doped SLT at 150◦C. Left
ordinate, ne (solid line) and no (dots) refractive indices. Right ordinate
(dashed line), delta between no and ne

The OPO measurements (e-ee) were performed using
SLT crystals with periods of 28.5 µm and 29.5 µm. The OPO
signal and the idler spectra were measured for both periods
in the temperature range of 25–200◦C.

OPO and SHG measurements for the extra-ordinary
waves and SHG measurements for the ordinary waves were
used for calculating the Sellmeier parameters of 0.5% MgO-
doped SLT crystal. The calculated parameters for the new
Sellmeier equations are presented in Table 3. The refractive
indices curves vs. wavelength at 150◦C, are shown in Fig. 5.
The interacting wavelengths extend from the UV up to the
mid-IR spectral range. The OPO idler and signal spectra are
shown in Fig. 6, along with the theoretical spectra calculated
from our Sellmeier equations. The SHG measurements of
the e-oo and o-eo interactions, involving both ordinary and
extra-ordinary refractive indices, cross validate the new pa-
rameters.

3.3 Second-order susceptibility tensor elements

We measured the SH power versus pump wavelength at
fixed temperatures, the SH power versus crystal temperature
at chosen pump wavelength, and the SH power versus pump
power for all interactions (e-ee, o-oo, o-eo, e-oo) in 21.2 µm
poling period SLT using the tunable cw diode laser (ANDO
AQ4321D) setup. The results for the o-oo interactions with
the theoretical curves are shown in Fig. 7. We deduced the
external conversion efficiency coefficients of: 0.229% W−1,
3.3e−3% W−1, 4.48e−4% W−1, and 4.38e−4% W−1, for
the e-ee, o-oo, o-eo, and e-oo interactions, respectively. Tak-
ing into account the poling length (16 mm) and the Fresnel
reflection losses of the fundamental wave and the SH wave,
the normalized internal conversion efficiencies obtained are
24.89% W−1m−1, 0.35% W−1m−1, 0.032% W−1m−1, and
0.031% W−1m−1 for the e-ee, o-oo, o-eo, and e-oo interac-
tions, respectively. By using (6) of Boyd and Kleinman [19],
we have derived a lower-limit value of d33 = 12.9, d22 =
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Table 2 Summary of the SHG experiments. The measurements were conducted from room temperature to 200◦C

SLT Process Fundamental SH Phase-matching Order

period wavelength wavelength temperature (m)

[µm] [µm] [µm] [◦C]

7.72 e-ee, o-oo 1.064 0.532 o-oo: 206, e-ee: 160 1

7.72 e-ee 0.866–0.847 0.423–0.433 80 for 0.851 µm 2

7.72 e-ee, o-oo 0.756–0.772 0.378–0.386 0.760 µm: 70 for o-oo, 3

90 for e-ee

7.72 e-ee 0.699–0.716 0.349–0.358 60 for 0.702 µm 4

19.8 o-eo, e-oo 1.530–1.552 0.765–0.776 o-eo: 25.3 for 1.5303 µm, 1

e-oo: 105 for 1.5403 µm

20.5 e-ee, o-oo o-eo, e-oo 1.526–1.556 0.763–0.778 e-ee: 80 for 1.5379 µm, 1

o-oo: 80 for 1.5404 µm,

o-eo: 60 for 1.5432 µm,

e-oo: 80 for 1.5402 µm

21.2 e-ee, o-oo o-eo, e-oo 1.551–1.578 0.775–0.789 e-ee: 80 for 1.5603 µm, 1

o-oo: 80 for 1.5661 µm,

o-eo: 100 for 1.551 µm,

e-oo: 80 for 1.5642 µm

21.8 e-ee 1.574–1.578 0.787–0.789 40 for 1.574 µm 1

28.5 e-ee, o-oo 3.750–3.879 1.875–1.940 e-ee: 100 for 3.848 µm, 1

o-oo: 180 for 3.755 µm

28.5 e-ee 0.862–0.878 0.431–0.439 140 for 0.869 µm 7

28.5 e-ee 0.757–0.773 0.378–0.386 100 for 0.762 µm 11

Table 3 Calculated Sellmeier coefficients for 0.5% MgO-doped stoi-
chiometric LiTaO3 (SLT); λ is given in microns

Parameter 0.5% MgO-doped SLT

ne no

a1 4.5615 4.5082

a2 0.08488 0.084888

a3 0.1927 0.19552

a4 5.5832 1.1570

a5 8.3067 8.2517

a6 0.021696 0.0237

b1 4.782e−7 2.0704e−8

b2 3.0913e−8 1.4449e−8

b3 2.7326e−8 1.5978e−8

b4 1.4837e−5 4.7686e−6

b5 1.3647e−7 1.1127e−5

1.54, d24 = 0.46, and d32 = 0.45 pm/V for each tensor el-
ement. In fact, owing to Kleinman symmetry [4] we expect
that d24 = d32, hence the small difference is probably owing
to experimental inaccuracy.

4 Discussion

Deduced from our new Sellmeier equations, Figs. 8 and 9
display the dispersion of the normalized thermo-optic coef-
ficient from around 0.4 µm up to 4 µm for the extra-ordinary
and ordinary polarization, respectively. An excellent agree-
ment with absolute interferometric measurements can be ob-
served; this is not the case for previously published equa-
tions that we have drawn on the same graphs for compar-
ison: all of them exhibit significant deviation from our ex-
perimental data, except to some extent data due to Abedin
et al. [10] in a representation for the ordinary index at short
wavelengths.

We compared our refractive indices at 80◦C with previ-
ously published works (Fig. 10). The ne(λ,T ) values of the
extra ordinary index obtained from our Sellmeier equation
differ by ∼0.002 from those of Bruner et al. [11] and Kolev
et al. [12]. At wavelengths 0.35–6 µm the deviation is esti-
mated to lie around ∼0.006 in the case of the ordinary index
when compared to the work of Abedin et al. [10]. It is in-
teresting to notice that the SLT crystal becomes negative to
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Fig. 6 OPO signal and idler
wavelength spectra vs.
temperature for PPSLT. The
results are compared with the
new theoretical Sellmeier
equation and with Bruner
et al. [11]

Fig. 7 First order o-oo interactions in 21.2 µm poling period crystal.
All measurements show excellent agreement with theoretical curves.
(a) SH power versus pump power at fixed wavelength and temperature.

(b) SH power versus pump wavelength at 50◦C. (c) SH power versus
crystal temperature, pump wavelength 1563.4 nm

positive uniaxial between 3.45–5.55 µm at room tempera-
ture.

A comparison of different ne(λ,T ) equations with our
SHG measurements is shown in Fig. 11. The phase-matched
wavelengths of a 28.5 µm crystal period are given at each
chosen temperature and compared to theoretical curves cal-
culated from our equation and the equations of Abedin
et al. [10], Juvalta et al. [9], Nakamura et al. [8], and Bruner

et al. [11]. The new Sellmeier equation shows better agree-
ment with our SHG results relative to the previously pub-
lished equations. Although the equation of Bruner et al.
[11] appears in good agreement with the 28.5 µm crys-
tal SHG, it showed however a noticeable deviation from
OPO tuning curve measurements. Our equation fits better
to the OPO tuning curve measurements, as can be verified
in Fig. 7.
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Fig. 8 Room temperature dn/ndt vs. wavelength. (a) Our experi-
mental ne data, the theoretical curves of the new Sellmeier equation,
Abedin et al. [10], Kolev et al. [12], and Bruner et al. [11] are pre-

sented. (b) Our experimental no data, the theoretical curves of the new
Sellmeier equation, and Abedin et al. [10]

Fig. 9 dn/ndt vs. temperature. (a) Our experimental ne data, the theoretical curves of the new Sellmeier equation, and Bruner et al. [11]. (b) Our
experimental no data, the theoretical curves of the new Sellmeier equation, and Abedin et al. [10]

Fig. 10 Comparison between the refractive indices obtained at 80◦C
and the refractive indices in literature. The ordinate represents the delta
between our calculated refractive index and previously published data.

For extra-ordinary index (a): dashed line, Bruner et al. [11]; solid line,
Kolev et al. [12]. For ordinary refractive index (b): Abedin et al. [10]
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Fig. 11 Seventh-order e-ee QPM interactions in 28.5 µm period
PPSLT as function of wavelength and temperature. Our experimen-
tal data, the theoretical curves of the new Sellmeier equation, and the
equations of Abedin et al. [10], Juvalta et al. [9], Nakamura et al. [8],
and Bruner et al. [11] are presented

Fig. 12 First order o-oo QPM interactions in 21.2 µm period PPSLT
as a function of wavelength and temperature. Our experimental data,
the theoretical curves of the new Sellmeier equation, and the equations
of Abedin et al. [10], Juvalta et al. [9], and Nakamura et al. [8] are
presented

We compared also the new ne(λ,T ) equation to previ-
ously published experimental results that include OPO spec-
tra in the near-IR and mid-IR [3, 12, 23]. In all cases the new
equation fits to the experimental results with high accuracy.

A comparison of different no(λ,T ) equations with our
SHG measurements is shown in Fig. 12. The phase-matched
wavelengths at each temperature are given for a crystal pe-
riod of 21.2 µm, and compared with theoretical curves cal-
culated according to the new equation and the equations
of Abedin et al. [10], Nakamura et al. [8], and Juvalta
et al. [9]. The new equation shows excellent agreement with
our SHG results. On the other hand, the previously pub-
lished equations show significant deviation from our exper-
imental data.

Equations (1) and (2) involve terms of two or three differ-
ent refractive indices. While most measured interactions in-
volve either ordinary or extra-ordinary refractive indices, the

Fig. 13 First order o-eo QPM interactions in 19.8 µm, 20.5 µm, and
21.2 µm periods PPSLT as a function of wavelength and temperature.
Our experimental data, the theoretical curves of the new Sellmeier
equation, and the equations of Abedin et al. [10] and Nakamura et al.
[8] are presented

Fig. 14 First order e-oo QPM interactions in PPSLT as a function
of wavelength and temperature. Our experimental data, the theoreti-
cal curves of the new Sellmeier equation, and the equations of Abedin
et al. [10], and Nakamura et al. [8] are presented

o-eo and e-oo SHG measurements contain both and there-
fore cross validate the Sellmeier equations. The o-eo and
e-oo measurements are presented in Figs. 13 and 14, respec-
tively. The new equations are in excellent agreement with
our SHG results. Equations obtained from previously pub-
lished works deviate significantly from our experimental ob-
servations. It may be noted also that despite that NTOC’s
measurements were obtained only in the restricted −30◦C–
+80◦C temperature range, it appears from high temperature
SHG measurements that their dispersion should also be valid
at least up to 200◦C.

The measured nonlinear coefficients (d33 = 12.9, d22 =
1.54, and d24 = 0.46 pm/V) are lower than the previously
published values of: d33 = 16, d22 = 1.7, and d24 = 1 pm/V
[24] since in the latter ones the PPSLT is assumed to have a
perfect 50% duty cycle throughout the entire poling length
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and due to inaccuracies in experimental conditions. Never-
theless, the relative values of the nonlinear coefficients (e.g.
with respect to d33) should be accurate since all measure-
ments were performed in the same conditions, hence they
do not depend on any absolute calibration. The dij vs. d33

ratios are 0.12 (d22), and 0.035 (d24), whereas [24] predicts
ratios of 0.11, and 0.062, respectively. The efficiency of the
QPM interaction is proportional to the square of the nonlin-
ear coefficient (equation (6)) and therefore the ratio values
suggest that the e-ee process is more efficient by almost 2
orders of magnitude when compared to o-oo process and by
3 orders of magnitude when compared to e-oo and o-eo in-
teractions.

The full width at half maximum of SH power versus tem-
perature of the 21.2 µm poling period of the crystals for e-ee,
o-oo, e-oo, and o-eo interactions are 7◦C, 14◦C, 1.2◦C, and
2◦C, respectively. These results suggest that the interactions
involving both ordinary and extra-ordinary refractive indices
have a much stronger temperature dependence compared to
the e-ee and o-oo interactions.

5 Summary and conclusions

In this work we present wavelength and temperature depen-
dent refractive-index equations for 0.5% MgO-doped stoi-
chiometric LiTaO3 crystal. We obtained new Sellmeier co-
efficients from quasi phase-matched frequency conversion
measurements, as well as thermal expansion and thermal
dispersion coefficients using interferometric measurements.
Our new Sellmeier equation for the extra-ordinary index is
in good agreement with previously published data as well
as with our own experimental results. We suggest a new
ordinary refractive-index equation, which deviates signifi-
cantly from all previous equations and is in good agree-
ment with our experimental results. The new equations were
cross validated with measurements of o-eo and e-oo interac-
tions, involving both ordinary and extra-ordinary refractive
indices. The ne(λ,T ) equations for 0.5% MgO-doped SLT
is valid for 0.35–6 µm spectral range and 25–200◦C tem-
perature range. Due to insufficient data we were not able to
further test the validity of the no(λ,T ) equation in the entire
spectral and thermal ranges. We therefore consider our ordi-
nary refractive-index Sellmeier equation to be reliable in the
wavelength range of 0.375–3.75 µm and temperature range
of 25–200◦C. We also provided a lower-limit value for the
d33, d22, and d24 elements of the second-order susceptibility

tensor χ(2) and deduced their ratios. We showed that the o-
eo and e-oo interactions are strongly dependent on the crys-
tal temperature as compared to o-oo and e-ee interactions.
The derived coefficients for the linear and nonlinear proper-
ties should be useful for the design of nonlinear optical de-
vices based on any second-order interaction in MgO-doped
SLT.
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